The heat-labile T class of mycobacterial catalase exhibits peroxidase activity with some substrates. Most species of mycobacteria produce T-catalase, which is serologically characterized by a combination of shared epitopes and unique, species-specific epitopes. Antibodies to T-catalases from Mycobacterium tuberculosis, Mycobacterium avium, and Mycobacterium intracellulare have been cross absorbed with T-catalases from heterologous species and applied as dots to nitrocellulose membranes. When these membranes were incubated with crude sonic extracts of 93 strains of mycobacteria that produce sufficient T-catalase, and were then exposed to 3,3'-diaminobenzidine peroxidase substrate, only those extracts made from one of the three species represented yielded a discrete brown dot at the site of the corresponding globulin. The sensitivity of the test was at least 96.5%, and the specificity was in excess of 99.5%.
Solid-phase immunoassay techniques are rapidly becoming the methods of choice for recognizing a wide range of biological products because of their sensitivity and simplicity of performance. The idea of an intrinsic-enzyme-based solid-phase immunoassay for purposes of bacterial identification is especially attractive because it would eliminate the need for second antibody which is required for many solidphase immunoassays, relying instead on the serologic binding of an indicator enzyme produced by the organism itself.
An optimal system for identifying members of a given genus would require that the desired enzyme retain its activity after reaction with antibody and that the desired enzyme be present in most members of the genus, but that antigenic regions (i.e., epitopes) occur on the enzyme molecule that are unique to the members of each species within that genus. In the genus Mycobacterium, the catalase system meets these criteria. Two classes of catalase have been recognized among the mycobacteria. M-catalase retains its activity after 1 min of exposure to 68°C, but is inactivated by aminotriazole; T-catalase is inactivated by heat, but resists aminotriazole (10) . Both classes retain their activity after precipitation by specific antibody, and many species of mycobacteria produce both catalases. Seroprecipitation methods have been used to estimate evolutionary structural divergence of these catalases for taxonomic purposes (5, (8) (9) (10) . Cross absorption of antisera to both M-and Tcatalases have been effective in amplifying the serologic distinctions between these enzymes from different mycobacterial species (11, 12) . Recent observations on the utility of a 3,3'-diaminobenzidine stain for visualizing mycobacterial T-catalases in polyacrylamide gels, by virtue of the peroxidaselike activity of this class of catalase (13) , suggested that a simplified technique could be developed for detecting serologic binding of this enzyme by cross-absorbed antibody. Use of T-catalase was especially attractive because it is produced by virtually all pathogenic, slowly growing mycobacteria (10) . We elected to develop a dot-blot method, * Corresponding author.
since the large surface area afforded by the porous structure of nitrocellulose membranes permits adsorption of relatively large amounts of crude immunoglobulin, thus eliminating the need for the immunoaffinity purification of the antibody that was required in the previously described enzyme-linked immunoassay (ELISA) method (12) .
The present study was restricted to identification of members of the Mycobacterium tuberculosis complex (M. tuberculosis and M. bovis) and of Mycobacterium avium and Mycobacterium intracellulare, since these species, in the aggregate, account for over 86% of the pathogenic, slowly growing mycobacteria encountered by state health laboratories in the United States (3). capped culture tube, using the cup-horn adapter to a model 185D sonifier (Heat Systems-Ultrasonics, Inc.) as described previously (11) , and the activity of the extracts was determined by assaying for T-catalase in the presence of aminotriazole. Preparation and cross absorption of antibody. New Zealand rabbits were immunized with partially purified Tcatalases isolated from M. avium SJB-2, M. intracellulare Boone, and M. tuberculosis H37Rv, and the sera were titrated against homologous antigen by the seroprecipitation supernatant assay as described previously (10) . The sera were treated with 50% saturated ammonium sulfate to precipitate the immunoglobulin, which were recovered by centrifugation and dissolved in a small volume of 0.01 M phosphate-buffered saline (pH 7.5) preserved with 0. After 30 min of incubation at room temperature, the diaminobenzidine solution was aspirated and the strip was soaked in H20 for 10 min and placed on blotting paper to dry. The appearance of a brown spot at the site of a globulin dot indicated specific binding of the T-catalase. -a n s --------------- 
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RESULTS
Each of the test immunoglobulin products was evaluated, before and after cross absorption, by spotting 1-ii1 dots of a twofold dilution series corresponding to a range of undiluted through 1:32 dilution equivalents of the original sera from which the globulin were derived. Each product was tested against homologous antigen and the heterologous T-catalase used to cross absorb it. Cross absorption diminished the homologous reaction to varying degrees, depending on the immunologic relatedness of the catalase, and effectively eliminated the heterologous reactions (Fig. 1). A survey of crude mycobacterial sonic extracts was performed, using nitrocellulose strips primed with a 1-p1 avi'im (12) were tested; all gave a positive monitor reaction and reacted with the anti-M. aviiium immunoglobulin dot.
Twenty-one strains that corresponded to serovars that represent M. iltracellulare gave positive monitor reactions, but only 19 reacted with the anti-M. intracellulare dot. One of the samples that failed to react was derived from a serovar 7 strain (P-49), and the other was from a serovar 18 strain (Melnick); both strains produced more M-catalase than T-catalase and were urease positive. The M-catalase from both failed to react with specific antibody to M-catalase from Mvcobacterium scrofulaceunm, M. simiae, .M. gordonae, M. szulgai, or M. asiaticdun by the seroprecipitation method described previously (10) .
Extracts of 36 strains, representing Mycobacteriurm gastri, M. kansasii, M. ,nlanoense, M. scrofiilaceunm, M. sirniae, M. szzulgai, and M. xenopi exhibited positive reactions for T-catalase on the monitor dot, but not on any of the three species-specific dots.
Extracts of four strains of M. gordonae, two of M. terr)e, two of M. nonchroniogenzcuni, and three of M. triviale failed to react with the T-catalase monitor dot and are not included in Table 1 . The latter three species comprise the "'teirae" complex and have previously been reported to produce only M-catalase (10). While M. gordonae does produce traces of T-catalase, the M-catalase is present in great excess (10) , and extracts prepared as described for this test did not yield sufficient T-catalase to provide a satisfactory control dot response.
DISCUSSION
Cross-absorbed sera to M-catalases were used in our earlier seroprecipitation method to permit precise and sensitive identification of five selected species (11) . Although useful at a research level, the centrifugations, washing steps, and precise assays required for that study placed some limit on its practical utility in the routine diagnostic laboratory. Cross-absorbed sera to T-catalases were used in an ELISA procedure for distinguishing between extracts of M. aviaini and of M. intracellulare (12) . Among the practical disadvantages of this method were the need for quantitative assay and for very high-titered antibody, because of the limited protein-binding capacity of the surface of polystyrene microwells. The intrinsic T-catalase dot immunoassay described here has several practical advantages over the earlier methods. T-catalase is a better enzyme for identification purposes than is M-catalase, since it is found in all pathogenic species of cultivable, slowly growing mycobacteria (10) The data in Table 1 represent exposure of three speciesspecific antibody dots to each of 93 mycobacterial extracts. Of the 57 antibody dots exposed to an extract of homologous species, 55 gave positive reactions, for a sensitivity of 96.5%. This figure may be too conservative, since the two strains (P-49 and Melnick) representing serovars 7 and 18, respectively, which are nominally M. intriacellular-e serovars but failed to react with the corresponding anti-T-catalase dot, gave reactions in tests for urease and M-catalase that would be sufficient to cause their rejection in a phenetic taxonomic probability matrix (15) . Serovars can cross species fines; an example is the demonstration of serovar 18 reactivity in many strains of M. sirniae (14) . In the present case, neither of the M-catalases from the two peculiar strains reacted with antibody to M-catalase from M. simiae or four other species, so their identities remain unresolved.
Of the 222 antibody dots exposed to extracts of heterologous species, none gave a positive reaction, for a specificity score greater than 99.5%. It must be pointed out that the reaction of T-catalase from nominal M. bovis with the antibody to T-catalase from M. tuberc-ulosis is consistent with current recognition of the synonymy of these two species, as reflected in a high order of DNA-DNA homology between them (1, 4 
